In recent years, modern medicine has changed considerably. At maximum care centers, in particular, the use of state-of-the-art medical equipment has become an essential part of patient care. However, using such high-tech products also means a considerable burden on the financial resources available, because additional financing is rare. Consequently, there is a need for approaches that allow the use of state-of-the-art equipment without straining the budget unduly. The question now is whether economic strategies that have long since been established in other industries, e.g., the outsourcing of certain services, represent a potential solution for the economic problems of modern clinics. The fundamentals of outsourcing and its pros and cons are outlined and discussed, taking cardiovascular perfusion as an example, a cost-intensive field of heart surgery that is responsible for attending to heart Á /lung machines, artificial hearts and circulatory support systems. Perfusion (2005) 20, 289 Á/294. The German healthcare system is currently undergoing the largest financial crisis since the introduction of general medical insurance. The increasing amount of apparatus in medicine is leading to a drastic increase in costs on the one hand, while the diminishing premium revenues at the medical insurance companies offering statutory medical cover are leading to a significant reduction in the available financial resources on the other hand. The implementation of a new accounting system based on diagnosis related groups (DRGs) in the in-patient treatment sector is also putting hospitals, especially the maximum care high-tech clinics, in considerable difficulty. Due to the switch of reimbursement for in-patient hospital services from retrospective single-service reimbursement to prospective casefee reimbursement, the economic pressure on clinic management is growing. To be able to run a clinic economically in future, the average costs of the medical service must be below the average case-fee revenues. Only then can a positive revenue contribution be generated that is higher than the cost of the rendered service.
To date, hospitals were commercial operations in which the mechanisms of the market failed to apply. This was due, first, to the fact that the corporate objective of hospitals was not aimed at turnover maximization, but at the relevant medical care mission, and secondly, free pricing was prevented by a lack of financial transactions between the patient and the clinic. All the capital investment costs, running costs and treatment costs were reimbursed to the clinics, so the focus was not on rendering health services on a minimum cost basis. 1 Upon the introduction of a case-fee form of payment for services, one is now pursuing the objective of creating a price-controlled incentive system, and, consequently, a near-market situation, in order to boost efficiency and cost-effectiveness in the hospitals. 2, 3 For this purpose, efficiency reserves of highly specialized facilities must be liberated without jeopardizing the quality level for patients. Against this background, German clinics see themselves increasingly confronted with the 'make or buy' (MoB) question, i.e., outsourcing, within the scope of management of the available financial resources. 4 This particularly applies to the highly specialized, costly medical subdisciplines like heart surgery, including cardiovascular perfusion, which has undergone an enormous change in terms of staffing and technical resources within a few years. 5, 6 
Resource management
In order to manufacture a product or render a service, it is necessary to employ production factors. These production factors represent the required resources. Business administration regards resources as all the operational input and production factors, i.e., the largely disaggregated, unspecific, homogeneous inputs that can be obtained by everyone through markets on the same conditions. Furthermore, they also include all the assets and special items that distinguish a company from other companies in the industry, and can, thus, represent the basis for a competitive advantage. Possible classifications are: Á/ internally generated resources and external resources; Á/ tangible resources and intangible resources; Á/ financial resources, physical resources, organizational resources, technological resources and human resources.
In contrast with this, macroeconomics divides resources into land, labor and capital.
If one now endeavors to apply this classification to cardiovascular perfusion, it results in a number of divisions that are involved in the cardiovascular perfusion 'service'. They center on operation of the heart Á/lung machine (HLM) with the required material resources and the perfusionist required to operate it. In addition, the financial resources tied up by the HLM and the human resources, i.e., perfusionists, in the form of experience and know-how, also have to be considered, detached from any financial evaluation in the form of payroll expenditure. In the following, resource management will be regarded as the most efficient handling of these essential, company-specific assets, along with the identification, exploitation, maintenance and (further) development of resources and potentials.
Nowadays, cardiovascular perfusion is a highly specialized activity with a high level of capital commitment, both in terms of fixed costs and variable costs. The area of fixed costs is determined by the cost of acquisition and maintenance of the HLM as well as payroll expenditure. a The variable costs involve the material costs incurred in connection with the operation of the HLM. If cardiovascular perfusion is regarded as a pure service, the company is more and more frequently being presented with the issue of internal or external procurement (outsourcing) in order, for example, to bring about a shift of fixed costs into the variable area. The following paragraphs will deal with this issue in greater detail in light of specific aspects of cardiovascular perfusion.
Outsourcing: new road to the future What is outsourcing? There are extremely different definitions and interpretations of the term outsourcing. Originally, the term stems from American economic life and it is an abbreviation of 'Outside Resource Using'. Generally speaking, it denotes that company services or company functions, of any kind whatsoever, are delegated to external specialists, i.e., are bought in from them. 7 This delegation process can be geographically related, product-related or function-related, and combinations of these criteria are also feasible. Outsourcing refers to the complete separating-off of parts of the company, both legally and commercially. If this separating-off is not to take place completely, it is possible to implement preliminary stages, e.g., strategic alliances or joint ventures. The present article is concerned with the complete separating-off (legally and commercially) of HLM operation.
In this connection, there is also frequent talk of MoB decisions, although they must be distinguished from the term outsourcing, both materially and temporally. MoB is the generic term that refers to products and services, whereas outsourcing, as part of an MoB decision, normally refers to services. Outsourcing decisions always involve services already being rendered within the organization while MoB decisions are frequently taken before the development of a product. However, a distinct differentiation of these terms is difficult in practice. Outsourcing decisions are always long term so they are of strategic importance and it is their aim to bring about cost benefits (profit maximization) or long-term competitive advantages. There can also be other objectives, e.g., Á/ conversion from fixed costs to variable costs; Á/ quality improvement through external specialists; Á/ cost reduction; Á/ personnel problems and personnel procurement; Á/ application of different scales of charges outside of the German Federal Collective Agreement for Public Employees, 'BAT'.
If one examines the concept of outsourcing under the conditions of financing by standard case fees (DRGs), it is even being intensified because, if there is a reduction in costs, higher profits can be achieved, which have to be used to finance loss-making areas.
Variants of outsourcing
As mentioned already, outsourcing is used to pursue various objectives. Hence, there are also different a Payroll expenditure is regarded as medium-term fixed cost.
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variants of outsourcing, of which two will be discussed here. Firstly, there is contractual outsourcing in the service sector and co-operative agreements with other institutions.
Service outsourcing. In outsourcing in the service sector, a clinic-specific contract is prepared which is limited by time. The contracting parties are the clinic and the external company offering the service. In the case of service outsourcing, the benefits to the hospital are as follows: If, after a test phase, it should turn out that the pursued objectives are being achieved and the other party to the contract is meeting its obligations, it is possible to aim for total outsourcing. At this point, it is also possible for the contracting parties to introduce contractual adjustments. Consequently, outsourcing of the HLM can be 'tested' over a defined period and a response can be provided for any inappropriate developments. The drafted contract concerning operation of the HLM regulates, for example, the material resources occurring within the scope of an uncomplicated bypass grafting operation. The standard level of consumption is defined for various interventions, thus, aiming to restrict the risk for the service provider, e.g., in the event of complications during the intervention. If, during the test phase, it becomes evident that the defined standard level of consumption is too low, this can be taken into account in ensuing contractual negotiations. Moreover, contractual lower limits and upper limits can be defined for HLM deployments in order to improve planning certainty.
Co-operation with other institutions. Co-operation with other institutions is a hybrid form of outsourcing and it denotes the placement of contracts, for instance, logistics services, for several hospitals in the region with an external service provider. The objective is, for example, to provide the individual hospitals with supplies on a 'just-in-time' basis from a central goods distribution center. The purchasing departments of the various hospitals act like a joint venture and can, thus, obtain high discounts due to economies of scale.
Contract drafting
Contract drafting in the area of outsourcing represents a central point because this is where decisions frequently are already taken concerning the costs and benefits of outsourcing. The outsourcing contract is the documentation of the outsourcing project in legal terms. Its importance lies in the establishment and assessment of the various implementation stages and clear definitions to avoid ambiguities. It is, therefore, necessary to exercise special caution and involve the affected employees, who are best suited to appraising the existing problems and ones arising. The outsourcing agreement should form the basis to prevent disputes and differences of opinion. It must, therefore, conform to the individual, specific requirements of the outsourcing enterprise and contain the legal contractual fundamentals for longer-term cooperation. The essential elements of a contract are master agreements concerning the principles of cooperation and a detailed description of services.
An outsourcing agreement should cover the following issues:
. objects of the agreement . type of agreement, legal status of the partners . terms of the agreement . conditions of the agreement . flow chart for organization and procedure . contractual amendment . delimitation of services, catalogue of requirements . definition of spheres of responsibility . description of rendered service/quality . definition of the scope of service . liability, warranty, indemnification . nonperformance clauses . terms of payment . coverage of risk elements . definition of opting-out criteria and rights of withdrawal . contract termination . items required for individual cases . etc.
If, in outsourcing, it is intended that personnel be taken over by the outsourcing partner, there needs to be a detailed arrangement conforming to legal regulations, which is agreed with the employee involved.
Viability analysis
Decision-making criteria Decisions concerning internal and external procurement are frequently taken for the short term, chiefly on a purely cost basis. One result of this is inadequate full cost comparisons in which qualitative issues and opportunity costs are only rarely considered. The objective must, therefore, be to consider and evaluate all the accruing (direct and indirect) costs. Three methods of decision making are outlined below.
Break-even analysis
Make-or-buy decisions are of a strategic nature. As a result, all the costs accruing for external procurement must be compared with the cost of internal production. Here, all the resulting costs must be considered, i.e., not only material costs and payroll costs, but also depreciation, capital costs, maintenance costs, venture costs and calculated entrepreneurial income, etc. 8 A mere analysis of costs, though, is inadequate for the assessment of an investment decision, because the revenue side must always be taken into consideration as well. If the forecast income situation is known for the hospital and if information is available on the forecast variable and fixed costs, the break-even analysis can be used to determine the so-called break-even point. This point denotes the output from which the hospital reaches the profit zone. Relative to the outsourcing decisions in the sector of cardiovascular perfusion, this point specifies the number of HLM deployments from which external procurement or internal production is worthwhile. Both alternatives are considered equal. 9 If one assumes that, as from a certain number of HLM deployments, the variable costs decrease due to economies of scale, for example, the break-even point indicates from what number of machines upward internal production is worthwhile. In terms of business administration, a comparison of the revenue and cost functions is conducted, whereby the intersection (break-even point) denotes the point from which revenues exceed costs.
Capital commitment
If one examines capital commitment when outsourcing in the field of cardiovascular perfusion, the endeavor is to transfer fixed-cost-intensive procurement of the HLM to the external source. As a result, capital flexibility is achieved within one's own company because the fixed-cost base is reduced. In order to consider this process in more detail, it is necessary to examine some other ratios, e.g., return on equity or return on investment (ROI). In the case of ROI, one restricts profit to the operating result and capital input to the operationally required assets. 10 However, this will not be explained in any greater detail here.
Qualitative considerations
One problem with strategic make-or-buy decisions across a relatively large time horizon is the extremely hypothetical cost-calculation approach because future developments are difficult to forecast. In order to eliminate this planning uncertainty, there has been a switch recently towards introducing so-called argument balances for or against internal or external procurement. Here, only the advantages and disadvantages of a procurement alternative are compared initially. If this argument balance is refined by focusing on important points (weighting), a strengths-and-weaknesses portfolio can be developed from it. It is also referred to as a weighted benefit analysis. The qualitative internal/external analysis allows an objective appraisal of a procurement problem for which no specific, or vague, figures are available from cost accounting.
Outsourcing: two sides of the coin
In modern literature, the term 'outsourcing' is defined in very different ways. In the field of clinic management, outsourcing refers to the long-term separating-off of certain functions, as well as the resources required for function performance, from the commercial process, and delegation of these to third parties. The depth and impact of outsourcing depends essentially on the outsourcer's degree of integration into the company and the extent to which the functions are separated off. 11 The decision in favor of outsourcing should always be planned in the long term, so it is of considerable strategic significance. The objective is to bring about cost advantages (profit maximization) or long-term competitive advantages, whereby the cost-cutting potentials, especially in the service sector, are due to the fact that, in future, payroll costs will tend to rise more steeply than material costs. 12, 13 As long as the principle of cost coverage was applied in hospital financing, there was no need for clinics to separate off certain subdisciplines. However, new concepts in the field of financing and management also require new organizational structures.
Advantages of outsourcing
If one examines the advantages of outsourcing, the picture obtained varies, whereby, in the field of In terms of strategic aspects, one argument in favor of outsourcing cardiovascular perfusion is the concentration on core business, i.e., primary operative patient treatment, the transfer of risks (investment risk, especially internal procurement of several HLMs, circulatory support systems, etc.) to the service company, standardization of structures and flexible response to changes (change in operation figures or in the range of services). In terms of performance aspects, important issues are the fast availability of professional manpower (well trained, experienced cardiovascular perfusionists) and stateof-the-art equipment, as well as the feasibility of new plans and projects (product switchover, introduction of innovative techniques) without internal restriction. Furthermore, with outsourcing, it is possible to achieve considerable cost reductions, especially within the operation (reduction in payroll costs and material costs). In particular, fixed costs can be converted to variable costs. This increases the cost awareness for cardiovascular perfusion as a subdiscipline.
Disadvantages of outsourcing
The largest risk in the field of outsourcing is the possibility of hasty, insufficiently planned separating-off strategies. In strategic terms, outsourcing is bad if the clinic is exposed to considerable dependence on the service company and it loses too much internal know-how. The hospital can also be confronted with disadvantages if the partner becomes insolvent or legal disputes arise. A frequent change of personnel and use of cheap products must be avoided by drafting the contract accordingly. These factors, in particular, tend to have an enormous influence on quality in the field of cardiovascular perfusion and heart surgery. Other disadvantages of outsourcing can be a loss of economic advantages due to optimization or efficiency-boosting measures at the hospital and an amendment to the contractual terms in the event of a long term of agreement.
Cost-benefit analysis of the Erlangen model
For the past five years, cardiovascular engineering at Erlangen University Clinic has practiced a combination model of outsourcing and in-house solutions.
The senior perfusionist and one further colleague are salaried employees of the university clinic, while three perfusionists, as well as the entire equipment and material requirements, are outsourced to the company WKK-Perfusionsservice. This combination model is aimed at multiplying the advantages of both these individual solutions while simultaneously minimizing the disadvantages. The results of the cost-benefit analysis reveal that the outsourcing model is profitable up to a total volume of 1752 operations in which a HLM is deployed (Figures 1 and 2) .
It shows the different cost lines and the points of intersection for calculation of the break-even point. Line Y f represents the fixed costs with the function Y f 0/t491 911. Line Y v represents the variable costs with the function Y v 0/1306x. This means that each deployment of the HLM in Erlangen involves variable costs amounting to t1306, while the annual fixed costs amount to t491 911. Line Y g represents the course of the total costs with the function Y g 0/ 1306x'/491 911. Line Z 1 , with the function Z 1 0/ 1586.89x, shows the course of the costs sustained if HLM deployment is outsourced. The increase of these lines indicates the price level (t1586.89/ HLM), i.e., the flatter the line, the lower the price per HLM. To calculate the break-even point, Line Y g has to be co-ordinated with Z 1 and resolved in accordance with the unknown variable x. That calculation results in a break-even point of 1751.23, i.e., as from a quantity of 1752 HLM deployments per annum, in-house deployment of the HLM is more cost effective than outsourcing. This sector is represented by the area E. However, it should be noted that, as the outsourced quantity increases, it is often possible to negotiate better contractual terms with the company concerned, i.e., as from a quantity of 1300 HLM deployments per annum, the price per machine decreases by 10%. For Line Z 1 , this would mean that the curve would decrease, so that the line is flatter and the break-even point moves towards the right. This situation is demonstrated by Line Z 2 and Point P 2 .
Prospects
The field of cardiovascular engineering has changed dramatically during the course of its development. Both in the personnel sector and in terms of equipment, this has led to an enormous increase in incurred costs due to professionalization and advancement. In addition, there is increasing cost pressure for hospital institutions with ever-declining resources. What are now the future prospects for cardiovascular perfusion in economic terms?
Everyday practice will be characterized by cost saving and efficiency boosting as trendsetting factors. However, in such an essential area as modern heart surgery, this must not take place at the expense of quality. Well-trained cardiovascular perfusionists and state-of-the-art equipment must continue to be standard for any heart surgery unit in the future. The question that any hospital institution must ask itself is, therefore, how can the required quality of cardiovascular perfusion be provided with the specified financial resources at minimal cost?
This question cannot be answered in a generalized way. Outsourcing, with all its variants (total, only personnel or equipment, purchasing, etc.) can be one possible approach. However, an in-house solution with an appropriate clinic structure also represents a practicable, economic solution. Clarity regarding the most favorable solution in each case can ultimately only be provided by appropriate costbenefit analyses based on reliable cost unit accounting. Unfortunately, these basic prerequisites of strategic planning are either still very limited at many clinics, especially in the university sector, or they are not available at all.
